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HELD OF THE INVENTION 

20 The present invention relates to methods and apparatuses for determining oil and 

water compositions of heavy oil/water emulsions using low field NMR relaxometry. 

BACKGROUND OF THE INVENTION 

25 Low field Nuclear Magnetic Resonance (NMR) relaxometry techniques luve been 

developed in the, laboratory to enhance and support comparable NMR logging tools that 
are currently used downhole. Low field NMR relaxometry involves 
relaxometers operating at about 2 MHz or less. Low field NMR relaxometry has 
shown that discrimination of water and oil saturation in core and ore can be easily 

30 determined. In such cases the NMR can detect the total water weight fraction and the 
, total oil weight fi*action, the viscosity of the oil, the amount of bound or mobile water and 
the amount of mobile or bound oU. 

One particular problem is the determination of oil and water content of specific 
35 hydrocarbon streams. Ofparticular interest are the streams that contain heavy oil in 
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emulsified fluids (water-in-oil or oil-in-watef emulsions) which are cuirently very 
common in thermal production operations and are very difficult to handle. Test 
separators are currently used as the standard way of meafiuring the flow of thermally 
produced wells such as cyclic steam stimulation (CSS), steam assisted gravity drainage 
5 (SAGD) and steam flooding wells. The test separators are inherently incapable of 

measuring emulsified flow. Other probe4ype devices suffer from inaccuracies related to 
the presence of solids or gas, salinity^ temperature, velocity, emulsion type, and range of 
cut 

10 Therefore, there is a need in the art for methods and apparatuses to discriminate 

quickly, accurately and precisely the amount of heavy oil or bitumen and water in an 
emulsified fluid stream. 

SUMMARY OF THE INVENTION 

15 

The present invention is based on the discovery that the NMR spectra of an 
emulsified mixture of heavy oil or bitumen and water consists of two sets of T2 relaxation 
peaks. At the specific temperature of 30°C> the water peaks are typically in the range of 
10 to 3000 milliseconds while the oil/bitumen peaks are typicaUy in the range of 0.2 to 
20 10.0 milliseconds. The ranges of these peaks may be affected by the degree of 

emulsification or separation of the hydrocarbon and aqueous phases, the temperature and 
the presence of additives. The spectrum of the oil/bitumen component diminishes at 
lower temperatures and may not be completely recovered at relatively lower 
temperatures. 

25 

Therefore, in one aspect of the invention, there is provided a method of 
determining the oil fraction of a fluid emulsion comprising heavy 
oil/bitumen and water bv direct measurement comprising the steps of: 

30 fa'^ providing a lovy field NMR relaxometer: 
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Ib^ measuring and recording the relaxation spectrum of the 
emulsion at a temperature allowing recovery of the spectrum 
of the heavy oil/bitumen, substantially separate from a T^^water 
peak: 

5 (c) determining a distinguishing cutoff value: 

("d) measuring the total amplitude (A^) of the spectrum at T2 times 

less than and equal to the T7 cutoff value: 
(e) converting to a weight value bv dividing bv the 

amplitude index of an oil standard (^Al n n") .of known weight: and 
10 (f) using the weight value to determine the oil fraction of the fluid 

emulsion. 

In another aspect, the invention comprise* a method of determining the 
water fraction of a fluid emulsion comprising heavy oil/bitumen and water 
15 bv direct measurement comprising the steps of: 

(z) providing a low field NMR relaxometer: 
rb^ measuring and recording the Ti relaxation spectrum of the 
emulsion: 

20 (c) determining a distin^ishing cutoff value: 

fd^ measuring the total amplitude (AJ) of the spectrum at T? times 
greater than the T? cutoff value: 

(e) converting Aw to a weight value bv dividing Aw by the 
amplitude index of a water standard (AI^\of known weight: 

25 and 

(f) (f) using the weight value to determine the water fraction. 
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In another aspect, the invention comprises an apparatus for determining by 
direct measurement the oil fraction of a flowing fluid emulsion comprising 
heavy oil /bitumen and water comprising: 

5 (a) a low field NMR relaxometer having a NMR magnet positioned 

in proximity to a channel through which the emulsion flows, 
said relaxometer for measuring the T2 spectrum of a the sample 
at a temperature allowing recovery of the spectrum of the 
, heavy oil/bitumen> substantiallv senarate from a water neak: 

10 n^") means for identif</ing a distinguishing T? cutoff value: 

(c) means connected to the relaxometer for measuring total T2 
amplitude below a the T? cutoff valuC;, wherein a substantial 
portion of the spectrum attributable to the oil is at T2 values less 
than or equal to the T2 cutoff value; 

15 (dlmeans for converting the total T2 amplitude value to a weight 

valu e; and 

re) means for determining the weight value to determine the oil 
fraction of the fluid emulsion, 

20 In yet another aspect, the invention comprises an apparatus for determining 

by direct measurement the oil fraction of a fluid emulsion comprising heavy 
oil/bitumen and water comprising: 

(B) means for obtaining a sample of the emulsion: 
25 0^) a low field NMR relaxometer for measuring the spectrum of 

the sample at a temperature allowing recovery of the T9 
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Spectrum of the heavy oil/bitumen, substantially separate from a 
water peak: 

re") means for identifving a distinguishing Ti cutoff yalue: 
Cd^t means connected to the NMR relaxometer for measxirine total 
5 amplitude below a the cutoff yalue. wherein a substantial 

portion of the spectrum attributable to the oil is at T? values less 

than or equal to the T; cutoff value: 
(e) means for converting the total To amplitude value to a weight 

value: and 

10 (f) means for determining the weight value to determine the oil 

fraction of the fluid emulsion. 

In another aspect, the invention comprises a method of determining by direct 
measurement the oil fraction and water fraction of a fluid emulsion 
15 comprising heavy oil/bitumen and water comprising the steps of: 

Ca't providing a low field NMR relaxometer: 
rh'^ measurinp and recording the relaxation spectrum of the 
emulsion at a temperature allowing recovery of the T? spectrum 
20 of the heavy oiUjitumen substantially separate from a T? water 

peak: 

(c) determining a distinguishing cutoff value: 
Cd;^ measuring the total amplitude (An j i^ f the spectrum at To times 
less than and equal to the T? cutoff value: 
25 (e) converting Ao j i to a weight value hv dividing A^i bv the 

amplitude index of an oil standard CALn^ of known weight: 
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(f) measuring the total amplitude (A^) of the spectrum at T? times 
greater than the cutoff value: 

(g) converting to a weight value bv dividing A w bv the 
amplitude index of a water standard (Alwlof known weight: 
and 

(h) using the oil weight value and the water weight value to 
determine the oil fraction and water fraction respectively. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described by way of exemplary embodiments with 
reference to the accompanying drawings. In the drawings: 

15 Figure 1 shows a typical NMR spectra from two different emulsions. 

Figure 2 shows the comparison of NMR predicted water content vs. Dean-Stark 
measured water content for three different batches of samples form reservoir 1 , 

20 Figure 3 shows the same results as Figure 2 but are grouped and the trend-line is 

plotted. 

Figure 4 shows the comparison of the NMR predicted data and the Dean-Stark 
measurement data for three samples of reservoir 2. 

Figure 5 shows a comparison of the results of reservoir 1 and reservoir 2. 

Figure 6 shows the same results as Figure but are grouped and the common trend- 
line is plotted, 

30 
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